The mechanisms involved in morphine tolerance are poorly understood. It was reported that calcitonin gene-related peptide (CGRP) immunoreactivity was increased in the spinal dorsal horn during morphine tolerance and an in vitro repetitive morphine treatment was able to mimic the in vivo results by inducing increases in CGRP-and substance P (SP)-immunoreactive (IR) neurons in cultured dorsal root ganglia (DRG). The aim of this study was to establish which subtypes of opioid receptors are involved in the induction of CGRP and SP in cultured rat DRG neurons and to examine the signaling pathway involved in the induction of these neuropeptides following repetitive opiate treatments.
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Following treatment with either of the three opioid agonists [µ; DAMGO, δ; DPDPE, κ; U50488H], the number of CGRP-and SP-IR neurons increased significantly, in a concentrationdependent manner. Double-immunofluorescence staining showed that the three opioid receptors were colocalized with both of the pain-related neuropeptides. Protein kinase C (PKC)-IR was found to be significantly increased following a repetitive treatment with DAMGO. Doubleimmunofluorescence staining showed the colocalization of PKCα with CGRP or SP in cultured DRG neurons. Moreover, a combined treatment of opioids with PKC inhibitors (chelerythrine chloride or GO6976) was able to block the effects of the opioid treatment on increased CGRP-like IR.
These data suggest that the three opioid receptors are expressed in DRG neurons and may be involved in the induction of CGRP and SP by opiates and that PKC probably plays a role in the signaling pathway leading to the upregulation.
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